EP 2 415 997 B1

Patent Office

Sy @y EP 2415997 B1

(1 9) ’ e "llmlmllHH||m||H|Hl“|‘||‘Hll‘|m|‘l“”l“”llm‘"H‘mll‘
Patentamt
0 European

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: F02D 41/04 (2006.07) F02D 21/08 (2006.01)
07.10.2015 Bulletin 2015/41 F02D 41134 (20507 F02D 45100 (2°°°0"
FO2M 63/00 (2006:07 FO02D 41/00 (2006.0%)
(21) Application number: 10758894.9 F02D 41/30 (20007 F02B 23/10 (250"
FO2M 69/04 (2006:07 FO2D 41/18(2006.0%)

—_— FO02D 41/40 (20060 FO2M 25/07 (20060

(22) Date of filing: 02.04.2010 FO2D 11/10 (200691

(86) International application number:
PCT/JP2010/056085

(87) International publication number:
WO 2010/114127 (07.10.2010 Gazette 2010/40)

(54) CONTROL SYSTEM OF AN INTERNAL COMBUSTION ENGINE
STEUERUNGSSYSTEM EINES VERBRENNUNGSMOTOR
SYSTEME DE CONTROLE D’'UN MOTEUR A COMBUSTION INTERNE

(84) Designated Contracting States: * SHINAGAWA, Tomohiro
ATBEBG CHCY CZDE DK EE ES FIFR GB GR Toyota-shi,
HRHUIEISITLILT LULV MC MK MT NL NO PL Aichi-ken, 471-8571 (JP)
PT RO SE SI SK SM TR * SATAKE, Nobuyuki

Kariya-shi

(30) Priority: 02.04.2009 JP 2009090043 Aichi 448-8661 (JP)

(43) Date of publication of application: (74) Representative: TBK
08.02.2012 Bulletin 2012/06 Bavariaring 4-6

80336 Miinchen (DE)
(73) Proprietor: TOYOTA JIDOSHA KABUSHIKI

KAISHA (56) References cited:
Toyota-shi, Aichi-ken, 471-8571 (JP) EP-A1-1 574 697 WO-A1-2006/011536
WO-A1-2006/011624  JP-A- 2004 060 474
(72) Inventors: JP-A- 2004 270 583 JP-A- 2004 308 618
* HOKUTO, Hiroyuki JP-A- 2006 226 163 JP-A- 2006 336 621
Toyota-shi, US-A1- 2006 011 165

Aichi-ken, 471-8571 (JP)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 415 997 B1 2

Description
TECHNICAL FIELD

[0001] The present invention relates to a control sys-
tem of an internal combustion engine which is provided
with a fuel injection valve for injecting fuel into a cylinder,
and a fuel injection valve for injecting fuel into an intake
port.

BACKGROUND ART

[0002] In a first patent document, there is described a
technique in which, in an internal combustion engine pro-
vided with a first fuel injection valve for injecting fuel into
a cylinder, and a second fuel injection valve for injecting
fuel into an intake port, the charging efficiency of intake
air is enhanced by making higher an injection ratio of the
first fuel injection valve with respect to the second fuel
injection valve, when the engine speed is low.

[0003] Inasecondpatentdocument, thereis described
a technique in which, in an internal combustion engine
provided with a fuel injection valve for injecting fuel into
a cylinder, intake air in the cylinder is cooled by decreas-
ing an amount of fuel injected from the fuel injection valve
per unit time.

[0004] In a third patent document, there is described
a technique in which, in an internal combustion engine
provided with a fuel injection valve for injecting fuel into
a cylinder and an EGR mechanism, an injection rate of
the fuel injection valve is detected, and a target EGR rate
is corrected based on the injection rate thus detected. A
fourth patent describes a technique where the direct in-
jection of fuel takes into account the EGR rate.

PRIOR ART DOCUMENTS
Patent Documents
[0005]

Patent Document 1: Japanese Patent Application
Laid-Open No. 2004-270583

Patent Document 2: Japanese Patent Application
Laid-Open No. 2007-40205

Patent Document 3: Japanese Patent Application
Laid-Open No. 11-148411

Patent Document 4: US Patent Application No.
2006-011165

DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention

[0006] However, at a transient time in which the injec-
tion ratio of the first fuel injection valve and the second

fuel injection valve changes, an amount of intake air ob-
tained by an air flow meter or the like may be different
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from an actual amount of intake air.

[0007] Inthe above-mentioned case, when control pa-
rameters such as an amount of fuel injection, etc., are
determined according to the value of the amount of intake
air thus obtained, a decrease in combustion stability and
an increase in exhaust emissions may be caused. There-
fore, it is necessary to correct the obtained value of the
amount of intake air according to a change in the injection
ratio, or to correct the target values of the control param-
eters determined according to the obtained value of the
amount of intake air.

[0008] However, it has been found out that in internal
combustion engines each having an EGR mechanism
which recirculates a part of the exhaust gas (an EGR
gas) from an exhaust passage to an intake passage, the
amount of intake air does not increase and decrease in
auniform manner in response to a change in the injection
ratio.

[0009] The present invention has been made in view
of the various circumstances as referred to above, and
has for its object to provide a technique which is capable
of obtaining an accurate amount of intake air in a control
system of an internal combustion engine which is provid-
ed with a first fuel injection valve for injecting fuel into a
cylinder, a second fuel injection valve for injecting fuel
into an intake port, and an EGR mechanism.

Means for Solving the Problem

[0010] In order to solve the above-mentioned prob-
lems, the present invention resides in a control system
of an internal combustion engine which is provided with
a first fuel injection valve that injects fuel into a cylinder
of the internal combustion engine, a second fuel injection
valve that injects fuel into an intake port of the internal
combustion engine, an EGR passage that introduces an
EGR gas from an exhaust passage of the internal com-
bustion engine to an intake passage thereof, an EGR
valve that is arranged in the EGR passage, and an ob-
taining means that obtains a value which is correlated
with an amount of intake air in the internal combustion
engine, wherein during the time when the EGR valve is
open, a determination is made based on a value of a
cylinder injection ratio, as to whether the amount of intake
air is in an increasing tendency or in a decreasing ten-
dency with respect to a change in the cylinder injection
ratio, and the value obtained by said obtaining means is
corrected according to a result of the determination.

[0011] The cylinder injection ratio referred to herein
represents a ratio of an amount of fuel injected from the
first fuel injection valve with respect to a total amount of
fuel injected from the first fuel injection valve and the
second fuel injection valve. In addition, the value corre-
lated with the amount of intake air is a value that is meas-
ured by a sensor such as an air flow meter, or a control
parameter that is determined according to a value meas-
ured by a sensor such as an air flow meter (for example,
adegree of opening of a throttle valve,” a degree of open-
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ing of the EGR valve, an amount of fuel injection of the
first fuel injection valve, an amount of fuel injection of the
second fuel injection valve, the cylinder injection ratio,
ignition timing, a valve opening characteristic of an intake
valve, and so on).

[0012] As a result of keen and earnest experiments
and verification carried out by inventors of the present
application, it has been found out that in an EGR oper-
ating range (an operating range in which the EGR valve
is open), there exist an operating range in which the ten-
dency of change of the amount of intake air with respect
to achange in the cylinder injection ratio varies according
to the value of the cylinder injection ratio.

[0013] Thatis,inthe EGR operatingrange, there exists
an operating range in which an increasing or decreasing
tendency of the amount of intake air with respect to a
change in the cylinder injection ratio varies on the bound-
ary of a specific cylinder injection ratio (hereinafter re-
ferred to as a "specific ratio"). In such an operating range,
when the cylinder injection ratio is lower than the specific
ratio, the amount of intake air decreases with respect to
an increase in the cylinder injection ratio, whereas when
the cylinder injection ratio is not lower than the specific
ratio, the amount of intake air increases with respect to
an increase in the cylinder injection ratio.

[0014] Accordingly, a control system of an internal
combustion engine according to the present invention is
provided with:

a first fuel injection valve that injects fuel into a cyl-
inder of the internal combustion engine;

a second fuel injection valve that injects fuel into an
intake port of the internal combustion engine;

a throttle valve that is arranged in an intake passage
of the internal combustion engine;

an EGR passage that introduces an EGR gas from
an exhaust passage of the internal combustion en-
gine to the intake passage at a location downstream
of said throttle valve;

an EGR valve that is arranged in the EGR passage;
an obtaining means that obtains an amount of intake
air in the internal combustion engine;

a determination means that determines, based on a
cylinder injection ratio which is a ratio of an amount
of fuel injected from said first fuel injection valve to
a total amount of fuel injected from said first fuel in-
jection valve and said second fuel injection valve,
whether the amount of intake air is in an increasing
tendency or in a decreasing tendency with respect
to a change in the cylinder injection ratio, when said
EGR valve is open; and

a correction means that corrects the amount of intake
air obtained by said obtaining means, according to
a result of the determination of said determination
means.

[0015] According to this invention, it is determined
whether the amount of intake air is in an increasing ten-
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dency or in a decreasing tendency with respect to a
change in the cylinder injection ratio. For example, in
cases where the cylinder injection ratio is lower than the
above-mentioned specific ratio, a determination is made
that the amount of intake air is in a decreasing tendency
with respect to an increase in the cylinder injection ratio.
On the other hand, in cases where the cylinder injection
ratio is not lower than the above-mentioned specific ratio,
a determination is made that the amount of intake air is
in an increasing tendency with respect to an increase in
the cylinder injection ratio. When the obtained value of
the amount of intake air is corrected based on such a
result of the determination, even in cases where the cyl-
inder injection ratio changes in the EGR operating range,
it becomes possible to obtain an accurate amount of in-
take air.

[0016] The obtaining means according to the present
invention may be a sensorthatdetects a physical quantity
which is correlated with the amount of intake air, such as
an air flow meter, an intake air pressure sensor, or the
like. In addition, the obtaining means according to the
present invention may be an ECU that calculates an
amount of intake air per cylinder from a detection value
of the above-mentioned sensor.

[0017] The correction means according to the present
invention may correct the detection value of the air flow
meter, the intake pressure sensor, or the like. Alterna-
tively, the amount of intake air calculated by the ECU
may be corrected.

[0018] According to the present invention, it also be-
comes possible to change a target value of a control pa-
rameter related to the operating state of the internal com-
bustion engine, according to the accurate amount of in-
take air. The control parameter in that case is, for exam-
ple, a degree of opening of the throttle valve, a degree
of opening of the EGR valve, a total amount of fuel (a
sum total of an amount of fuel injection of the first fuel
injection valve and an amount of fuel injection of the sec-
ond fuel injection valve), the cylinder injection ratio, igni-
tion timing, a valve opening characteristic of an intake
valve, or the like.

[0019] In cases where the control parameter is the de-
gree of opening of the throttle valve, or the degree of
opening of the EGR valve, a target value of the degree
of opening of the throttle valve or a target value of the
degree of opening of the EGR valve may be changed in
such a manner that an actual amount of intake air is in
match with a target amount of intake air (or the amount
of EGR gasis in match with a target amount of EGR gas).
[0020] Incaseswhere the control parameter is the total
amount of fuel, a target value of the total amount of fuel
may be changed in such a manner that the air fuel ratio
of an air fuel mixture becomes a target air fuel ratio.
[0021] Incases where the control parameter is the cyl-
inder injection ratio, a target value of the cylinder injection
ratio may be changed in such a manner that an actual
amount of intake air is in match with a target amount of
intake air (or an actual amount of EGR gas is in match
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with a target amount of EGR gas).

[0022] In cases where the control parameter is ignition
timing, a target value of the ignition timing may be
changed in such a manner that the occurrence of misfire
or knocking is prevented or the torque generated by the
internal combustion engine is in match with a target
torque.

[0023] In cases where the control parameter is the
valve opening characteristic of the intake valve, a target
value of the valve opening characteristic of the intake
valve may be changed in such a manner that an actual
amount of intake air is in match with a target amount of
intake air (or an actual amount of EGR gas is in match
with a target amount of EGR gas).

[0024] When the target value of the control parameter
is changed in the manner as described above, it is pos-
sible to suppress a decrease in combustion stability, an
increase and a decrease of the torque, an increase in
exhaust emissions, etc., resulting from a change in the
cylinder injection ratio.

[0025] Here, note that a control system of an internal
combustion engine of the present invention may correct
the target value of the control parameter, instead of cor-
recting the amount of intake air obtained by the obtaining
means. In that case, the target value of the control pa-
rameter becomes a value suitable for the actual amount
of intake air. As a result, it is possible to suppress a de-
crease in combustion stability, an increase and a de-
crease of the torque, an increase in exhaust emissions,
etc., resulting from a change in the cylinder injection ratio.
[0026] In the presentinvention, the operating range in
which the increasing or decreasing tendency of the
amount of intake air with respect to a change in the cyl-
inder injection ratio varies according to the value of the
cylinderinjection ratio is, for example, an operation range
in which the degree of opening of the throttle valve (here-
inafter referred to as a "throttle opening degree") is not
more than a predetermined throttle opening degree, and
the degree of opening of the EGR valve (hereinafter re-
ferred to as an "EGR valve opening degree") is not less
than a predetermined EGR valve opening degree.
[0027] In a first operating range (for example, a low
load and low speed operating range) in which a throttle
loss due to the throttle valve becomes relatively small
with respect to a throttle loss due to the EGR valve, the
higher the cylinder injection ratio, the more the amount
of intake air decreases (the amount of EGR gas increas-
es).

[0028] In a second operating range (for example, a
high load and high speed operating range) in which there
is almost no throttle loss due to the throttle valve, the
higher the cylinder injection ratio, the more the amount
of intake air increases. Here, note that the amount of
EGR gas becomes a substantially constant amount with-
out regard to the cylinder injection ratio.

[0029] In a third operating range (for example, a me-
dium load and medium speed operating range) in which
a throttle loss due to the throttle valve and a throttle loss
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due to the EGR valve are approximate to each other, in
cases where the cylinder injection ratio is lower than the
specific ratio, the higher the cylinder injection ratio, the
more the amount of intake air decreases (the amount of
EGR gas increases). On the other hand, in cases where
the cylinder injection ratio is not lower than the specific
ratio, the higher the cylinder injection ratio, the more the
amount of intake air increases (the amount of EGR gas
maintains a substantially constant amount).

[0030] Therefore, the operating range, in which the
throttle opening degree becomes not more than the pre-
determined throttle opening degree and the EGR valve
opening degree becomes not less than the predeter-
mined EGR valve opening degree, corresponds to the
above-mentioned third operating range. Accordingly, the
predetermined throttle opening degree and the predeter-
mined EGR valve opening degree should just be set so
as to satisfy the degrees of opening which the throttle
valve and the EGR valve can take in the above-men-
tioned third operating range, respectively.

[0031] Here, note that the throttle opening degree and
the EGR valve opening degree are determined based on
an engine load and a engine speed. For that reason, a
determination may be made as to whether the engine
load and the engine speed fall within the above-men-
tioned third operating range, instead of determining
whether the relation between the throttle opening degree
and the EGR valve opening degree falls within the above-
mentioned third operating range.

[0032] Inthatcase, acontrol system ofaninternal com-
bustion engine according to the present invention may
be provided with a storage means that stores beforehand
the relation between the throttle opening degree and the
EGR valve opening degree or the relation between the
engine load and the engine speed, at the time when the
operating state of the internal combustion engine falls
within the above-mentioned third operating range.
[0033] Incidentally, the above-mentioned specific ratio
varies according to the specifications of the internal com-
bustion engine. For that reason, it is desirable to obtain
beforehand the above-mentioned specific ratio for each
internal combustion engine experimentally.

[0034] Next, acontrol system of aninternal combustion
engine according to the present invention may be pro-
vided with:

a first fuel injection valve that injects fuel into a cyl-
inder of the internal combustion engine;

a second fuel injection valve that injects fuel into an
intake port of the internal combustion engine;

a throttle valve that is arranged in an intake passage
of the internal combustion engine;

an EGR passage that introduces an EGR gas from
an exhaust passage of the internal combustion en-
gine to the intake passage at a location downstream
of said throttle valve;

an EGR valve that is arranged in the EGR passage;
a first obtaining means that obtains an amount of
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intake air in the internal combustion engine;

a second obtaining means that obtains an amount
of EGR gas based on the amount of intake air ob-
tained by said first obtaining means,

a determination means that determines, based on a
cylinder injection ratio which is a ratio of an amount
of fuel injected from said first fuel injection valve to
a total amount of fuel injected from said first fuel in-
jection valve and said second fuel injection valve,
whether the amount of EGR gas is in an increasing
tendency or in a decreasing tendency with respect
to a change in the cylinder injection ratio, when said
EGR valve is open; and

a correction means that corrects the amount of EGR
gas obtained by said second obtaining means, ac-
cording to a result of the determination of said de-
termination means.

[0035] According to this invention, a determination is
made based on the cylinder injection ratio as to whether
the amount of EGR gas is in an increasing tendency or
in a decreasing tendency, and the obtained value of the
amount of EGR gas is corrected according to the result
of the determination. As a result, even if the cylinder in-
jection ratio changes in the EGR operating range, it be-
comes possible to obtain an accurate amount of EGR
gas.

[0036] When the accurate amount of EGR gas is ob-
tained, it becomes possible to determine whether the
amount of EGR gas is converging to its target value. As
a result, it also becomes possible to change the target
value of the control parameter in such a manner that the
amount of EGR gas converges to the target value.

Effects of the Invention

[0037] According to the present invention, it becomes
possible to obtain an accurate amount of intake air in a
control system of an internal combustion engine which
is provided with a first fuel injection valve for injecting fuel
into a cylinder, a second fuel injection valve for injecting
fuel into an intake port, and an EGR mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS
[BRIEF DESCRIPTION OF THE DRAWINGS]
[0038]

Fig. 1 is a view showing the schematic construction
of an internal combustion engine to which the
present invention is applied.

Fig. 2 is a view showing the relation between a cyl-
inder injection ratio and an amount of intake air in an
EGR non-operating range.

Fig. 3 is a view showing the relation between an en-
gine load, a engine speed and an EGR operating
range.
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Fig. 4 is a view showing the increasing or decreasing
tendencies of an amount of intake air and an amount
of EGR gas with respect to a change in a cylinder
injection ratio in a range a in Fig. 3.

Fig. 5is a view showing the increasing or decreasing
tendencies of an amount of intake air and an amount
of EGR gas with respect to a change in a cylinder
injection ratio in a range c in Fig. 3.

Fig. 6is a view showing the increasing or decreasing
tendencies of an amount of intake air and an amount
of EGR gas with respect to a change in a cylinder
injection ratio in a range b in Fig. 3.

Fig. 7 is a view showing the relation between a cyl-
inder injection ratio and an amount of intake air in
the range a in Fig. 3.

Fig. 8 is a view showing the relation between a cyl-
inder injection ratio and an amount of intake air in
the range cin Fig. 3.

Fig. 9 is a view showing the relation between a cyl-
inder injection ratio and an amount of intake air in
the range b in Fig. 3.

Fig. 10 is a flow chart showing a correction control
routine for correction of an amount of intake air in a
first embodiment.

Fig. 11 is a flow chart showing a correction control
routine for correction of an amount of intake air in a
second embodiment.

THE BEST MODE FOR CARRYING OUT THE INVEN-
TION

[0039] Hereinafter, specific embodiments of the
presentinvention will be described based on the attached
drawings. However, the dimensions, materials, shapes,
relative arrangements and so on of component parts de-
scribed in the embodiments are not intended to limit the
technical scope of the present invention to these alone
in particular as long as there are no specific statements.

<First Embodiment>

[0040] First, reference will be made to a first embodi-
ment of the present invention based on Figs. 1 through
10. Fig. 1 is a view showing the schematic construction
of an internal combustion engine to which the present
invention is applied.

[0041] An internal combustion engine 1 shown in Fig.
1is a four-stroke cycle spark ignition internal combustion
engine (gasoline engine) provided with a plurality of cyl-
inders. Here, note thatin Fig. 1, only one cylinder among
the plurality of cylinders is illustrated.

[0042] A piston 3 is fitted in each cylinder 2 of the in-
ternal combustion engine 1 for sliding movement relative
thereto. The piston 3 is connected with an unillustrated
engine output shaft (crankshaft) through a connecting
rod 4. In addition, a spark plug 6 for injecting fuel into a
cylinder and a first fuel injection valve 5 for igniting an air
fuel mixture in the cylinder are mounted on each cylinder
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2.

[0043] The inside of each cylinder 2 is in communica-
tion with an intake port 7 and an exhaust port 8. An open
end of the intake port 7 in each cylinder 2 is opened and
closed by means of an intake valve 9. An open end of
the exhaustport 8 in each cylinder 2 is opened and closed
by means of an exhaust valve 10. The intake valve 9 and
the exhaust valve 10 are driven to open and close by
means of an unillustrated intake cam and an unillustrated
exhaust cam, respectively.

[0044] The above-mentioned intake port 7 is in com-
munication with an intake passage 70. A throttle valve
71is arranged in the intake passage 70. An air flow meter
72 is arranged in the intake passage 70 at a location
upstream of the throttle valve 71. The air flow meter 72
is asensorthat outputs an electrical signal corresponding
to a mass of intake air flowing in the intake passage 70,
and it corresponds to an obtaining means of the present
invention. In each intake port 7 or the intake passage 70,
there is arranged a second fuel injection valve 11 for in-
jecting fuel into the intake port 7.

[0045] The above-mentioned exhaust port 8 is in com-
munication with an exhaust passage 80. The exhaust
passage 80 is opened into atmospheric air by the way of
an unillustrated catalyst (for example, a three-way cata-
lyst, a NOx storage reduction catalyst, a NOx selective
reduction catalyst, etc.) and a silencer. A base end of an
EGR passage 12 is connected to the exhaust passage
80. A terminal end of the EGR passage 12 is connected
to the intake passage 70 at a location downstream of the
throttle valve 71. The EGR passage 12 is a passage
which serves to introduce a part of an exhaust gas (EGR
gas) flowing through the exhaust passage 80 to the intake
passage 70. An EGR valve 13 for changing the channel
cross section of the EGR passage 12 is arranged in the
EGR passage 12 atalocation between the opposite ends
thereof.

[0046] An ECU 20 is provided in combination with the
internal combustion engine 1 as constructed in this man-
ner. The ECU 20 is an electronic control unit which is
composed of a CPU, a ROM, a RAM, a backup RAM,
and so on. Detection signals of various sensors such as
a crank position sensor 21 and an accelerator position
sensor 22, in addition to a detection signal of the above-
mentioned air flow meter 72, are input to the ECU 20.
Moreover, the ECU 20 electrically controls the first fuel
injection valve 5, the spark plug 6, the second fuel injec-
tionvalve 11, the EGR valve 13, and the throttle valve 71.
[0047] For example, the ECU 20 determines amounts
of fuel to be injected from the first fuel injection valve 5
and the second fuel injection valve 11, respectively, and
controls the first fuel injection valve 5 and the second fuel
injection valve 11 according to the amounts of fuel thus
determined, respectively.

[0048] More specifically, the ECU 20 calculates an
amount of fuel (a total amount of fuel) which should be
supplied to each cylinder 2, according to the detection
signals of the air flow meter 72, the crank position sensor
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21, the accelerator position sensor 22, and so on. Sub-
sequently, the ECU 20 calculates an injection ratio be-
tween the first fuel injection valve 5 and the second fuel
injection valve 11 according to the detection signals of
the crank position sensor 21 and the accelerator position
sensor 22, and controls the first fuel injection valve 5 and
the second fuel injection valve 11 according to the result
of the calculation.

[0049] Here, when the injection ratio (cylinder injection
ratio) of the first fuel injection valve 5 increases, the
amount of fresh air (air) sucked into each cylinder 2 in-
creases, as shown in Fig. 2. This is considered to be due
to the fact that an increase in the latent heat of vaporiza-
tion of the fuel injected into a cylinder 2 causes the volume
of the gas in the cylinder to decrease and at the same
time the internal pressure in the cylinder to fall. Therefore,
at the time of low speed and low load operation of the
engine in which the inertia effect of intake air is small,
the charging efficiency of the fresh air (air) can be made
higher by increasing the cylinder injection ratio.

[0050] Incidentally, at the time of transient operation
of the engine inwhich the cylinder injection ratio changes,
a change in the amount of the fresh air (air) sucked into
a cylinder 2 may not be reflected on the detection value
of the air flow meter 72. For this reason, the detection
value of the air flow meter 72 may be different from an
actual amount of intake air.

[0051] On the other hand, there can be considered a
method in which the amount of change of the fresh air
(air) with respect to the change of the cylinder injection
ratio has beforehand been obtained experimentally, so
that the detection value of the air flow meter 72 is cor-
rected according to the amount of change thus obtained.
[0052] However, as a result of keen and earnest ex-
periments and verification carried out by inventors of the
present application, it has been found out that at the time
of introduction of the EGR gas (i.e., at the time of opening
of the EGR valve 13), the amount of intake air does not
change uniformly with respect to the change of the cyl-
inder injection ratio.

[0053] Here, reference will be made to an increasing
and decreasing tendency of the amount of intake air in
an EGR operating range, based on Fig. 3 or Fig. 6. Fig.
3 is a view showing the EGR operating range. In Fig. 3,
the EGR operating range is divided into three ranges a,
b and c.

[0054] The range a in Fig. 3 is a operating range in
which an engine load (the degree of opening of an ac-
celerator pedal) is high and in which the engine speed is
low. In the range a, the amount of intake air decreases
as shown in Fig. 4, so that a cylinder injection ratio be-
comes high, and, so that the degree of opening of the
EGR valve 13 becomes large (the amount of EGR gas
increases). This is considered to be because a throttle
loss due to the throttle valve 71 becomes larger with re-
spect to the throttle loss of the EGR valve 13.

[0055] The range c in Fig. 3 is an operating range in
which the engine load is high and in which the engine
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speed is high. In the range ¢, as shown in Fig. 5, the
amount of EGR gas becomes a substantially constant
value irrespective of the cylinder injection ratio. The high-
er the cylinder injection ratio, the larger the amount of
intake air becomes. This tendency is substantially con-
stant irrespective of the degree of opening of the EGR
valve 13. This is considered due to the fact thatthe throttle
loss due to the throttle valve 71 becomes smaller with
respect to the throttle loss due to the EGR valve 13, and
at the same time the inertia force of intake air becomes
large.

[0056] TherangebinFig.3isamediumrangebetween
the range a and the range ¢, and is a so-called medium
load and medium speed operating range. In the range b,
in a range in which the cylinder injection ratio becomes
lower than a specific ratio rcinjo, the higher the cylinder
injection ratio and the larger the degree of opening of the
EGR valve 13, the more the amount of intake air decreas-
es (i.e., the amount of EGR gas increases), as shown in
Fig. 6. On the other hand, in a range in which the cylinder
injection ratio becomes not less than the specific ratio
rcinj0, the higher the cylinder injection ratio, the more the
amount of intake air increases (i.e., the amount of EGR
gas becomes a substantially constant value irrespective
of the cylinder injection ratio). This tendency is substan-
tially constant irrespective of the degree of opening of
the EGR valve 13. Here, note that the range b in Fig. 3
corresponds to an operating range in which "the degree
of opening of the throttle valve becomes not more than
a predetermined throttle opening degree and the degree
of opening of the EGR valve becomes not less than a
predetermined EGR valve opening degree", according
to the present invention.

[0057] Accordingly, the ECU 20 first determines within
which of the above-mentioned three operating ranges a,
b and c, the operating state of the internal combustion
engine 1falls. Inthat case, the range of each of the above-
mentioned three ranges a, b, c and the value of the spe-
cific ratio rcinjO vary according to the specifications of the
internal combustion engine. For that reason, the range
of each of the ranges a, b, ¢ and the value of the specific
ratio rcinj0 should be experimentally obtained before-
hand.

[0058] Subsequently, the ECU 20 identifies, based on
the range thus determined, an increasing or decreasing
tendency of the amount of intake air with respect to the
change of the cylinder injection ratio. The ECU 20 cor-
rects the detection value of the air flow meter 72 based
on the increasing or decreasing tendency of the amount
of intake air.

[0059] Itis preferable thatan amount of correction (i.e.,
an increase or descrease) at that time be obtained in
advance through experiments, etc. For example, the
amount of correction in the range a should be set in such
a manner that the higher the cylinder injection ratio and
the larger the degree of opening of the EGR valve 13,
the smaller the amount of correction in the range a be-
comes, as shown in Fig. 7. Also, the amount of correction
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in the range c should be set in such a manner that the
higher the cylinder injection ratio, the larger the amount
of correction in the range c becomes, as shown in Fig. 8.
[0060] The amount of correction in the range b should
be set in such a manner that when the cylinder injection
ratio is lower than the specific ratio rcinj0, the higher the
cylinder injection ratio and the larger the degree of open-
ing of the EGR valve 13, the smaller the amount of cor-
rection in the range b becomes, as shown in Fig. 9. Also,
the amount of correction in the range b should be set
such that when the cylinder injection ratio is not lower
than the specific ratio rcinj0, the higher the cylinder in-
jection ratio, the larger the amount of correction be-
comes.

[0061] The ECU 20 can obtain the actual amount of
intake air in an accurate manner by correcting the detec-
tion value of the air flow meter 72 according to the
amounts of correction shown in the above-mentioned
Figs. 7 through 9. As a result, it also becomes possible
for the ECU 20 to change the target values of various
kinds of control parameters (the throttle opening degree,
the EGR valve opening degree, a total amount of fuel,
the cylinder injection ratio, ignition timing, the valve open-
ing characteristic of an intake valve, etc.) based on the
actual amount of intake air. In that case, the ECU 20 may
carry out not only the processing of adjusting the various
kinds of control parameters to values suitable for the ac-
tual amount of intake air, but also the processing of
changing the various kinds of control parameters so that
the actual amount of intake air matches a target amount
of intake air.

[0062] Next, reference will be made to a procedure to
correct the amount of intake air in this embodiment, in
line with a flow chart of Fig. 10. Fig. 10 is a flow chart
showing a correction control routine for the amount of
intake air. This control routine is a routine which has been
beforehand stored in a ROM of the ECU 20, etc., and is
carried out by the ECU 20 with a predetermined period.
[0063] In the correction control routine of Fig. 10, the
ECU 20 first carries out the processing of step S101. In
step S101, the ECU 20 determines whether the operating
state of the internal combustion engine 1 falls within the
EGR operating range. Specifically, the ECU 20 deter-
mines whether the operating state, which is specified ac-
cording to the engine load and the engine speed, falls
within any of the ranges a, b, ¢ in Fig. 3.

[0064] In cases where a negative determination is
made in the above-mentioned step S101, the process of
the ECU 20 goes to step S110, in which the ECU 20
corrects the detection value of the air flow meter 72 ac-
cording to the cylinder injection ratio. Specifically, the
ECU 20 performs the correction in such a manner that
the higher the cylinder injection ratio, the more the
amount of intake air may becomes.

[0065] In cases where an affirmative determination is
made in the above-mentioned step S101, the process of
the ECU 20 goes to step S102. In step S102, the ECU
20 determines whether the operating state of the internal
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combustion engine 1 falls within the range a in Fig. 3.
Specifically, the ECU 20 determines whether the oper-
ating state, which is specified according to the engine
load and the engine speed, falls within the range a. Here,
note that the ranges of the individual degrees of opening,
which the throttle valve 71 and the EGR valve 13 can
take, respectively, in the range a, may have beforehand
been obtained, and it may be determined whether an
actual throttle valve opening degree and an actual EGR
valve opening degree fall within the above-mentioned
ranges, respectively.

[0066] In cases where an affirmative determination is
made in the above-mentioned step S102, the process of
the ECU 20 goes to step S103. In step S103, the ECU
20 calculates the amount of correction according to the
degree of opening of the EGR valve 13 and the cylinder
injection ratio. For example, the ECU 20 calculates the
amount of correction based on the degree of opening of
the EGR valve 13, the cylinder injection ratio, and a map
as shown in Fig. 7.

[0067] In cases where a negative determination is
made in the above-mentioned step S102, the process of
the ECU 20 goes to step S104. In step S104, the ECU
20 determines whether the operating state of the internal
combustion engine 1 falls within the range c in Fig. 3.
Specifically, the ECU 20 determines whether the oper-
ating state, which is specified according to the engine
load and the engine speed, falls within the range c. Here,
note that the ranges of the individual degrees of opening,
which the throttle valve 71 and the EGR valve 13 can
take, respectively, in the range ¢, may have beforehand
been obtained, and it may be determined whether the
actual throttle opening degree and the actual EGR valve
opening degree fall within the above-mentioned ranges,
respectively.

[0068] In cases where an affirmative determination is
made in the above-mentioned step S104, the process of
the ECU 20 goes to step S105. In step S105, the ECU
20 calculates the amount of correction according to the
cylinder injection ratio. For example, the ECU 20 calcu-
lates the amount of correction based on the cylinder in-
jection ratio and a map as shown in Fig. 8.

[0069] In cases where a negative determination is
made in the above-mentioned step S104, the operating
state of the internal combustion engine 1 falls within the
range b in Fig. 3. In that case, the process of the ECU
20 goes to S106, where the ECU 20 determines whether
the cylinder injection ratio is lower than the specific ratio
rcinj0.

[0070] In cases where an affirmative determination is
made in the above-mentioned step S106, the process of
the ECU 20 goes to step S107. In step S107, the ECU
20 calculates the amount of correction according to the
degree of opening of the EGR valve 13 and the cylinder
injection ratio. Specifically, the ECU 20 calculates the
amount of correction based on the degree of opening of
the EGR valve 13, the cylinder injection ratio, and a map
as shown in Fig. 9 (a range in which the cylinder injection
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ratiobecomes lower than the specificratiorcinjOin Fig. 9).
[0071] In cases where a negative determination is
made in the above-mentioned step S106, the process of
the ECU 20 goes to step S108. In step S108, the ECU
20 calculates the amount of correction according to the
cylinder injection ratio. Specifically, the ECU 20 calcu-
lates the amount of correction based on the cylinder in-
jection ratio, and a map as shown in Fig. 9 (a range in
which the cylinder injection ratio becomes not lower than
the specific ratio rcinjo in Fig. 9).

[0072] The process of the ECU 20 goes to step S109
after carrying out the processing of above-mentioned
step S103, S105, S107 or S108. In S109, the detection
value of the air flow meter 72 is corrected according to
the amount of correction calculated in the above-men-
tioned step S103, S105, S107 or S108.

[0073] By carrying out the correction control routine of
Fig. 10 by means of the ECU 20 in this manner, it be-
comes possible to obtain the actual amount of intake air
in an accurate manner in a transitional period in which
the cylinder injection ratio is changed. As a result, the
target values of the various kinds of control parameters
can be changed according to the actual amount of intake
air, so it becomes possible to suppress a decrease in
combustion stability, an increase in exhaust emissions,
a change (increase and decrease) in torque, etc.
[0074] Here, note that by carrying out the processing
of steps S102, S104 and S106 by means of the ECU 20,
a determination means according to the present inven-
tion is achieved. In addition, by carrying out the process-
ing of steps S103, S105, S107, S108 and S109 by means
of the ECU 20, a correction means according to the
present invention is achieved.

[0075] Incidentally, in this embodiment, there has been
described an example in which a correction value has
been obtained after carrying out a discrimination process
of a range within which the operating state of the internal
combustion engine 1 falls, and an identification process
which identifies whether the amount of intake air is in an
increasing tendency or in a decreasing tendency with
respect to the cylinder injection ratio, but the amount of
correction may be obtained without carrying out those
processes.

[0076] For example, the relation between the engine
load, the engine speed, the cylinder injection ratio, the
degree of opening of the EGR valve 13, and the amount
of correction may be made into a map beforehand, and
the amount of correction may be obtained by using the
engineload, the engine speed, the cylinderinjection ratio,
and the degree of opening of the EGR valve 13 as pa-
rameters.

[0077] In addition, although in this embodiment, there
has been described an example in which the detection
value of the air flow meter 72 is corrected according to
the cylinder injection ratio in the transitional period in
which the cylinder injection ratio is changed, the target
values of the control parameters are corrected according
to the cylinder injection ratio. For example, the ECU 20
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may correct a target value of a control parameter, instead
of correcting the detection value of the air flow meter 72
instep S109in Fig. 10. In that case, the control parameter
to be used as a candidate for correction is one for which
a target value is determined according to the detection
value of the air flow meter 72.

[0078] Incaseswhere the control parameterto be used
as a candidate for correction is a total amount of fuel, the
total amount of fuel may be corrected by an amount of
correction which has the same tendency as that of the
amounts of correction shown in the above-mentioned
Fig. 7 through Fig. 9. In that case, the total amount of
fuel becomes an amount corresponding to the actual
amount of intake air, so it becomes possible to converge
an air fuel ratio to a target air fuel ratio.

[0079] When the target value of the control parameter
is corrected in this manner, the target value thus correct-
ed will become a value suitable for the actual amount of
intake air. As a result, it becomes possible to suppress
the decrease in combustion stability, the increase in ex-
haust emissions, the change in the torque, etc.

<Second Embodiment>

[0080] Next, reference will be made to a second em-
bodiment of the presentinvention based on Fig. 11. Here,
a construction different from that of the above-mentioned
first embodiment will be described, and an explanation
of the same construction will be omitted.

[0081] The above-mentioned firstembodiment has de-
scribed the example which corrects the detection value
of the air flow meter 72 in the transitional period in which
the cylinder injection ratio changes, but in this embodi-
ment, reference will be made to an example in which the
detection value of the air flow meter 72 is corrected in a
transitional period in which the degree of opening of the
EGR valve 13 changes together with the cylinder injec-
tion ratio.

[0082] Forexample,incaseswhere the operating state
of the internal combustion engine 1 shifts from an EGR
non-operating range to an EGR operating range, the ac-
tual degree of opening of the EGR valve 13 is notimme-
diately converged to a target degree of opening of the
EGR valve. Moreover, immediately after the actual de-
gree of opening of the EGR valve 13 has been converged
to the target degree of opening of the EGR valve, a trans-
portation delay will occur by the time when an EGR gas
reaches from the exhaust passage 80 to the intake pas-
sage 70, so the amount of EGR gas is not immediately
converged to a target amount of EGR gas.

[0083] In such a case, an error occurs between an
amount of intake air calculated according to the method
as described in the above-mentioned first embodiment
and an actual amount of intake air. Accordingly, in this
embodiment, a convergence ratio of the actual amount
of EGR gas with respect to the target amount of EGR
gas (= (the actual amount of EGR gas) / (the target
amount of EGR gas)), or a convergence ratio of an actual
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EGR ratio with respect to a target EGR ratio (= (an actual
EGR ratio) / (a target EGR ratio)), is calculated, and an
amount of correction for the amount of intake air is mod-
ified by the convergence ratio thus obtained.

[0084] Here, the larger an amount of change of the
degree of opening of the EGR valve 13, the larger a re-
sponse delay of the EGR valve 13 becomes. The lower
the engine speed, the larger the transportation delay of
the EGR gas becomes. As a result, each convergence
ratio can be calculated based on the amount of change
of the degree of opening of the EGR valve 13 and the
engine speed.

[0085] However, the longer the time elapsed from an
operation start time of the EGR valve 13 (or a time when
a control signal is outputted from the ECU 20 to the EGR
valve 13), the higher the above-mentioned convergence
ratios become. For this reason, it is preferable that each
convergence ratio be calculated based on the amount of
change of the degree of opening, the engine speed, and
the elapsed time.

[0086] When a convergence ratio is calculated in this
manner, the ECU 20 multiplies the amount of correction,
which has been calculated according to the method de-
scribed in the above-mentioned first embodiment, by the
convergence ratio, and corrects the amount of intake air
by using the result of the calculation thus obtained as a
final amount of correction.

[0087] Hereinafter, reference will be made to a proce-
dure to correct the amount of intake air in this embodi-
ment, in line with Fig. 11. Fig. 11 is a flow chart showing
a correction control routine in this embodiment. Here,
note that in Fig. 11, the same symbols are attached to
the same processes as those in the correction control
routine of the first embodiment (see Fig. 10).

[0088] The difference between the correction control
routine of Fig. 11 and the correction control routine of
Fig. 10 is the processing of S201 which is carried out
before step S109. That is, the ECU 20 carries out the
processing of S201, after carrying out the processing of
S103, S105, S107, or S108. In step S201, the ECU 20
calculates the final amount of correction by multiplying
the amount of correction calculated in step S103, S105,
S107, or S108 by the convergence ratio. Then, in step
S109, the ECU 20 corrects the detection value of the air
flow meter 72 by using the final amount of correction thus
calculated in the above-mentioned step S201.

[0089] By carrying out the correction control routine of
Fig. 11 by means of the ECU 20 in this manner, it be-
comes possible to obtain the actual amount of intake air
in an accurate manner even in cases where the response
delay of the EGR valve 13 or the transportation delay of
the EGR gas have occurred.

[0090] Although in the above-mentioned first and sec-
ond embodiments, there have been described examples
in which the detection value of the air flow meter 72 is
corrected, the amount of EGR gas calculated based on
the detection value of the air flow meter 72 can also be
corrected. In that case, the ECU 20 should just correct
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the amount of EGR gas based on the increasing or de-
creasing tendency of the amount of EGR gas shown in
Fig. 4 through Fig. 6. Moreover, in cases where the
amount of EGR gas thus corrected is different from a
target value thereof, italso becomes possible for the ECU
20to converge the amount of EGR gas to the target value
by correcting a target value of a control parameter.

DESCRIPTION OF THE REFERENCE NUMERALS
AND SYMBOLS

[0091]

1 internal combustion engine
2 cylinder

5 first fuel injection valve

6 spark plug

7 intake port

8 exhaust port

9 intake valve

10  exhaust valve

11 second fuel injection valve
12 EGR passage

13 EGRvalve

20 ECU

70 intake passage

71  throttle valve

72  air flow meter

Claims

1. A control system of an internal combustion engine

comprising:

a first fuel injection valve that injects fuel into a
cylinder of the internal combustion engine;

a second fuel injection valve that injects fuel into
an intake port of the internal combustion engine;
athrottle valve that is arranged in an intake pas-
sage of the internal combustion engine;

an EGR passage that introduces an EGR gas
from an exhaust passage of the internal com-
bustion engine to the intake passage at a loca-
tion downstream of said throttle valve;

an EGR valve that is arranged in the EGR pas-
sage;

an obtaining means that obtains an amount of
intake air in the internal combustion engine;

a determination means that determines, based
on a cylinder injection ratio which is a ratio of an
amount of fuel injected from said first fuel injec-
tion valve to a total amount of fuel injected from
said first fuel injection valve and said second
fuelinjection valve, whether the amount of intake
air is in an increasing tendency or in a decreas-
ing tendency with respect to a change in the cyl-
inder injection ratio, when said EGR valve is
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10

open; and

a correction means that corrects the amount of
intake air obtained by said obtaining means, ac-
cording to a result of the determination of said
determination means.

2. A control system of an internal combustion engine

comprising:

a first fuel injection valve that injects fuel into a
cylinder of the internal combustion engine;

a second fuel injection valve that injects fuel into
an intake port of the internal combustion engine;
a throttle valve that is arranged in an intake pas-
sage of the internal combustion engine;

an EGR passage that introduces an EGR gas
from an exhaust passage of the internal com-
bustion engine to the intake passage at a loca-
tion downstream of said throttle valve;

an EGR valve that is arranged in the EGR pas-
sage;

an obtaining means that obtains an amount of
intake air in the internal combustion engine;

a setting means that sets a target value of a con-
trol parameter related to an operating state of
said internal combustion engine, according to
the amount of intake air obtained by said obtain-
ing means;

a determination means that determines, based
on a cylinder injection ratio which is a ratio of an
amount of fuel injected from said first fuel injec-
tion valve to a total amount of fuel injected from
said first fuel injection valve and said second
fuelinjection valve, whether the amount of intake
air is in an increasing tendency or in a decreas-
ing tendency with respect to a change in the cyl-
inder injection ratio, when said EGR valve is
open; and

acorrection means that corrects the target value
of the control parameter set by said setting
means, according to a result of the determina-
tion of said determination means.

The control system of an internal combustion engine
according to claim 1 or 2, wherein if the cylinder in-
jection ratio is lower than a specific ratio when a de-
gree of opening of said throttle valve is not more than
a predetermined throttle opening degree and when
a degree of opening of said EGR valve is not less
than a predetermined EGR valve opening degree,
said determination means makes a determination
that the amount of intake air is in the decreasing ten-
dency with respect to an increase in the cylinder in-
jection ratio.

The control system of an internal combustion engine
according to claim 1 or 2, wherein if the cylinder in-
jection ratio is not less than a specific ratio when a
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degree of opening of said throttle valve is not more
than a predetermined throttle opening degree and
when a degree of opening of said EGR valve is not
less than a predetermined EGR valve opening de-
gree, said determination means makes a determi-
nation that the amount of intake air is in the increas-
ing tendency with respect to an increase in the cyl-
inder injection ratio.

The control system of an internal combustion engine
according to claim 1 or 2, further comprising:

a storage means that stores an operating range
in which the increasing or decreasing tendency
of the amount of intake air with respect to a
change in the cylinder injection ratio is reversed
at a specific cylinder injection ratio;

wherein when the operating state of said internal
combustion engine falls within the operating
range stored in said storage means, said deter-
mination means determines whether the
amount of intake airis inthe increasing tendency
or in the decreasing tendency, by making a de-
termination as to whether the cylinder injection
ratio is lower than the specific cylinder injection
ratio.

The control system of an internal combustion engine
according to claim 1, further comprising:

a changing means that changes a target value
of a control parameter related to the operating
state of said internal combustion engine, ac-
cording to the amount of intake air corrected by
said correction means.

The control system of an internal combustion engine
according to claim 6, wherein said control parameter
is at least one of a degree of opening of said throttle
valve, a degree of opening of said EGR valve, said
total amount of fuel, said cylinder injection ratio, ig-
nition timing, and a valve opening characteristic of
an intake valve.

A control system of an internal combustion engine
comprising:

a first fuel injection valve that injects fuel into a
cylinder of the internal combustion engine;

a second fuel injection valve that injects fuel into
an intake port of the internal combustion engine;
athrottle valve that is arranged in an intake pas-
sage of the internal combustion engine;

an EGR passage that introduces an EGR gas
from an exhaust passage of the internal com-
bustion engine to the intake passage at a loca-
tion downstream of said throttle valve;

an EGR valve that is arranged in the EGR pas-
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sage;
a first obtaining means that obtains an amount
of intake air in the internal combustion engine;
a second obtaining means that obtains an
amount of EGR gas based on the amount of
intake air obtained by said first obtaining means;
a determination means that determines, based
on a cylinder injection ratio which is a ratio of an
amount of fuel injected from said first fuel injec-
tion valve to a total amount of fuel injected from
said first fuel injection valve and said second
fuel injection valve, whether the amount of EGR
gasisin anincreasing tendency orin a decreas-
ing tendency with respect to a change in the cyl-
inder injection ratio, when said EGR valve is
open; and

a correction means that corrects the amount of
EGR gas obtained by said second obtaining
means, according to a result of the determina-
tion of said determination means.

Patentanspriiche

Steuerungssystem einer Brennkraftmaschine, das
Folgendes aufweist:

ein erstes Kraftstoffeinspritzventil, das Kraftstoff
in einen Zylinder der Brennkraftmaschine ein-
spritzt;

ein zweites Kraftstoffeinspritzventil, das Kraft-
stoff in einen Einlassanschluss der Brennkraft-
maschine einspritzt;

eine Drosselklappe, die in einem Einlassdurch-
gang der Brennkraftmaschine angeordnet ist;
einen AGR-Durchgang, der ein AGR-Gas von
einem Abgasdurchgang der Brennkraftmaschi-
ne zu dem Einlassdurchgang an einer Stelle
stromabwarts der Drosselklappe einleitet;

ein AGR-Ventil, das indem AGR-Durchgang an-
geordnet ist;

eine Erlangungseinrichtung, die eine Menge
von Einlassluft in die Brennkraftmaschine er-
langt;

eine Bestimmungseinrichtung, die basierend
auf einem Zylindereinspritzverhaltnis, das ein
Verhaltnis, von einer Menge von Kraftstoff, der
von dem ersten Kraftstoffeinspritzventil einge-
spritzt wird, zu einer Gesamtmenge von Kraft-
stoff ist, der von dem ersten Kraftstoffeinspritz-
ventil und dem zweiten Kraftstoffeinspritzventil
eingespritzt wird, bestimmt, ob die Menge von
Einlassluft in einer steigenden Tendenz oder in
einer fallenden Tendenz in Bezug zu einer An-
derung des Zylindereinspritzverhaltnisses ist,
wenn das AGR-Ventil offen ist; und

eine Korrektureinrichtung, die die Menge von
Einlassluft, die durch die Erlangungseinrichtung
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erlangtwird, geman einem Ergebnis der Bestim-
mung der Bestimmungseinrichtung korrigiert.

2. Steuerungssystem einer Brennkraftmaschine, das

Folgendes aufweist:

ein erstes Kraftstoffeinspritzventil, das Kraftstoff
in einen Zylinder der Brennkraftmaschine ein-
spritzt;

ein zweites Kraftstoffeinspritzventil, das Kraft-
stoff in einen Einlassanschluss der Brennkraft-
maschine einspritzt;

eine Drosselklappe, die in einem Einlassdurch-
gang der Brennkraftmaschine angeordnet ist;
einen AGR-Durchgang, der ein AGR-Gas von
einem Abgasdurchgang der Brennkraftmaschi-
ne zu dem Einlassdurchgang an einer Stelle
stromabwarts der Drosselklappe einleitet;

ein AGR-Ventil, dasin dem AGR-Durchgang an-
geordnet ist;

eine Erlangungseinrichtung, die eine Menge
von Einlassluft in die Brennkraftmaschine er-
langt;

eine Festlegungseinrichtung, die einen Sollwert
eines Steuerparameters in Bezug auf einen Be-
triebszustand der Brennkraftmaschine gemaf
der Menge von Einlassluft, die von der Erlan-
gungseinrichtung erlangt wird, festlegt;

eine Bestimmungseinrichtung, die basierend
auf einem Zylindereinspritzverhaltnis, das ein
Verhaltnis, von einer Menge von Kraftstoff, der
von dem ersten Kraftstoffeinspritzventil einge-
spritzt wird, zu einer Gesamtmenge von Kraft-
stoff ist, der von dem ersten Kraftstoffeinspritz-
ventil und dem zweiten Kraftstoffeinspritzventil
eingespritzt wird, bestimmt, ob die Menge von
Einlassluft in einer steigenden Tendenz oder in
einer fallenden Tendenz in Bezug zu einer An-
derung des Zylindereinspritzverhaltnisses ist,
wenn das AGR-Ventil offen ist; und

eine Korrektureinrichtung, die die Menge von
Einlassluft, die durch die Erlangungseinrichtung
erlangtwird, geman einem Ergebnis der Bestim-
mung der Bestimmungseinrichtung korrigiert.

Steuerungssystem einer Brennkraftmaschine ge-
mafl Anspruch 1 oder 2, wobei, falls das Zylinder-
einspritzverhaltnis niedriger als ein spezifisches Ver-
héltnis ist, wenn ein Offnungsgrad der Drosselklap-
pe nicht mehr als ein vorbestimmter Drosseloff-
nungsgrad ist und wenn ein Offnungsgrad des AGR-
Ventils nicht weniger als ein vorbestimmter AGR-
Ventiléffnungsgrad ist, die Bestimmungseinrichtung
eine Bestimmung macht, dass die Menge von Ein-
lassluftin Bezug auf eine Erh6hung des Zylinderein-
spritzverhaltnisses in der fallenden Tendenz ist.

Steuerungssystem einer Brennkraftmaschine ge-
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mafl Anspruch 1 oder 2, wobei, falls das Zylinder-
einspritzverhaltnis nicht weniger als ein spezifisches
Verhaltnis ist, wenn ein Offnungsgrad der Drossel-
klappe nicht mehr als ein vorbestimmter Drosseloff-
nungsgrad ist und wenn ein Offnungsgrad des AGR-
Ventils nicht weniger als ein vorbestimmter AGR-
Ventil6ffnungsgrad ist, die Bestimmungseinrichtung
eine Bestimmung macht, dass die Menge von Ein-
lassluftin Bezug auf eine Erhéhung des Zylinderein-
spritzverhaltnisses in der steigenden Tendenz ist.

Steuerungssystem einer Brennkraftmaschine ge-
maf Anspruch 1 oder 2, ferner mit:

eine Speichereinrichtung, die einen Betriebsbe-
reich speichert, in dem die steigende oder fal-
lende Tendenz von der Menge von Einlassluft
in Bezug auf eine Anderung des Zylinderein-
spritzverhaltnisses bei einem spezifischen Zy-
lindereinspritzverhaltnis umgekehrt wird;
wobei, wenn der Betriebszustand der Brenn-
kraftmaschine in den Betriebsbereich fallt, der
in der Speichereinrichtung gespeichert ist, die
Bestimmungseinrichtung bestimmt, ob die Men-
ge von Einlassluft in der steigenden Tendenz
oder in der fallenden Tendenz ist, indem be-
stimmt wird, ob das Zylindereinspritzverhaltnis
niedriger als das spezifische Zylindereinspritz-
verhaltnis ist.

Steuerungssystem einer Brennkraftmaschine ge-
maf Anspruch 1, ferner mit:

einer Anderungseinrichtung, die einen Sollwert
eines Steuerparameters betreffend den Be-
triebszustand der Brennkraftmaschine gemaf
der Menge von Einlassluft, die von der Korrek-
tureinrichtung korrigiert ist, &ndert.

Steuerungssystem einer Brennkraftmaschine ge-
maf Anspruch 6, wobei der Steuerparameter min-
destens einer von einem Offnungsgrad der Drossel-
klappe, einem Offnungsgrad des AGR-Ventils, der
Gesamtmenge von Kraftstoff, dem Zylinderein-
spritzverhaltnis, einer Ziindzeitabstimmung und ei-
ner Ventil6ffnungscharakteristik eines Einlassventils
ist.

Steuerungssystem einer Brennkraftmaschine, das
Folgendes aufweist:

ein erstes Kraftstoffeinspritzventil, das Kraftstoff
in einen Zylinder der Brennkraftmaschine ein-
spritzt;

ein zweites Kraftstoffeinspritzventil, das Kraft-
stoff in einen Einlassanschluss der Brennkraft-
maschine einspritzt;

eine Drosselklappe, die in einem Einlassdurch-
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gang der Brennkraftmaschine angeordnet ist;
einen AGR-Durchgang, der ein AGR-Gas von
einem Abgasdurchgang der Brennkraftmaschi-
ne zu dem Einlassdurchgang an einer Stelle
stromabwarts der Drosselklappe einleitet;

ein AGR-Ventil, dasin dem AGR-Durchgang an-
geordnet ist;

eine erste Erlangungseinrichtung, die eine Men-
ge von Einlassluftin der Brennkraftmaschine er-
langt;

eine zweite Erlangungseinrichtung, die eine
Menge von AGR-Gas basierend auf der Menge
von Einlassluft erlangt, die von der ersten Erlan-
gungseinrichtung erlangt wird;

eine Bestimmungseinrichtung, die basierend
auf einem Zylindereinspritzverhaltnis, das ein
Verhaltnis, von einer Menge von Kraftstoff, der
von dem ersten Kraftstoffeinspritzventil einge-
spritzt wird, zu einer Gesamtmenge von Kraft-
stoff ist, der von dem ersten Kraftstoffeinspritz-
ventil und dem zweiten Kraftstoffeinspritzventil
eingespritzt wird, bestimmt, ob die Menge von
Einlassluft in einer steigenden Tendenz oder in
einer fallenden Tendenz in Bezug zu einer An-
derung des Zylindereinspritzverhaltnisses ist,
wenn das AGR-Ventil offen ist; und

eine Korrektureinrichtung, die die Menge von
AGR-Gas, die durch die zweite Erlangungsein-
richtung erlangt wird, gemafR einem Ergebnis
der Bestimmung der Bestimmungseinrichtung
korrigiert.

Revendications

Systéeme de commande pour un moteur a combus-
tion interne comprenant :

une premiere soupape d’injection de carburant
qui injecte du carburant dans un cylindre du mo-
teur a combustion interne ;

une seconde soupape d’injection de carburant
qui injecte du carburant dans un orifice d’admis-
sion du moteur a combustion interne ;

une vanne papillon qui est agencée dans un
passage d’admission du moteur a combustion
interne ;

un passage de RGE qui introduit un gaz de RGE
depuis un passage d’échappement du moteur
a combustion interne vers le passage d’admis-
sion en un emplacement en aval de ladite vanne
papillon ;

une vanne de RGE qui est agencée dans le pas-
sage de RGE ;

des moyens d’obtention qui obtiennent une
quantité d’aird’admission dans le moteur a com-
bustion interne ;

des moyens de détermination qui déterminent,
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en fonction d’un rapport d’injection de cylindre
qui est un rapport d’'une quantité de carburant
injecté depuis ladite premiere soupape d’injec-
tion de carburant a une quantité totale de car-
burant injecté depuis ladite premiére soupape
d’injection de carburant et ladite seconde sou-
pape d’injection de carburant, que la quantité
d’air d’admission soit dans une tendance crois-
sante ou dans une tendance décroissante par
rapport a un changement dans le rapport d’in-
jection de cylindre, quand ladite vanne de RGE
est ouverte ; et

des moyens de correction qui corrigent la quan-
tité d’air d’admission obtenu par lesdits moyens
d’obtention, en fonction d’'un résultat de la dé-
termination desdits moyens de détermination.

2. Systeme de commande d’'un moteur a combustion
interne comprenant :

une premiere soupape d’injection de carburant
qui injecte du carburant dans un cylindre du mo-
teur a combustion interne ;

une seconde soupape d’injection de carburant
qui injecte du carburant dans un orifice d’admis-
sion du moteur a combustion interne ;

une vanne papillon qui est agencée dans un
passage d’admission du moteur a combustion
interne ;

un passage de RGE qui introduit un gaz de RGE
depuis un passage d’échappement du moteur
a combustion interne vers le passage d’admis-
sion en un emplacement en aval de ladite vanne
papillon ;

une vanne de RGE qui est agencée dans le pas-
sage de RGE ;

des moyens d’obtention qui obtiennent une
quantité d’air d’admission dans le moteur a com-
bustion interne ;

des moyens de réglage qui réglent une valeur
cible d’'un paramétre de commande lié a un état
de fonctionnement dudit moteur & combustion
interne, en fonction de la quantité d’air d’admis-
sion obtenue par lesdits moyens d’obtention ;
des moyens de détermination qui déterminent,
en fonction d’un rapport d’injection de cylindre
qui est un rapport d’'une quantité de carburant
injecté depuis ladite premiere soupape d’injec-
tion de carburant a une quantité totale de car-
burant injecté depuis ladite premiére soupape
d’injection de carburant et ladite seconde sou-
pape d’injection de carburant, que la quantité
d’air d’admission soit dans une tendance crois-
sante ou dans une tendance décroissante par
rapport a un changement dans le rapport d’in-
jection de cylindre, quand ladite vanne de RGE
est ouverte ; et

des moyens de correction qui corrigent la quan-
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tité d’air d’admission obtenu par lesdits moyens
d’obtention, en fonction d’'un résultat de la dé-
termination desdits moyens de détermination.

Systeme de commande d’'un moteur a combustion
interne selon la revendication 1 ou 2, dans lequel si
le rapport d’injection de cylindre est inférieur a un
rapport spécifique quand un degré d’ouverture de
ladite vanne papillon n’est pas supérieur a un degré
d’ouverture de vanne papillon prédéterminé et
quand un degré d’ouverture de ladite vanne de RGE
n’est pas inférieur a un degré d’ouverture de vanne
de RGE prédéterminé, lesdits moyens de détermi-
nation effectuent une détermination que la quantité
d’air d’admission est dans la tendance décroissante
par rapport a une augmentation du rapport d’injec-
tion de cylindre.

Systeme de commande d’'un moteur a combustion
interne selon la revendication 1 ou 2, dans lequel si
le rapport d’injection de cylindre n’est pas inférieur
a un rapport spécifique quand un degré d’ouverture
de ladite vanne papillon n’est pas supérieur a un
degré d’ouverture de vanne papillon prédéterminé
et quand un degré d’ouverture de ladite vanne de
RGE n’est pas inférieur a un degré d’ouverture de
vanne de RGE prédéterminé, lesdits moyens de dé-
termination font une détermination que la quantité
d’air d’admission est dans la tendance croissante
par rapport a une augmentation du rapport d’injec-
tion de cylindre.

Systéeme de commande d’'un moteur a combustion
interne selon la revendication 1 ou 2, comprenant
en outre :

des moyens de stockage qui stockent une plage
de fonctionnement dans laquelle la tendance
croissante ou décroissante de la quantité d’air
d’admission par rapport a un changement du
rapport d’injection de cylindre est inversée a un
rapport d’injection de cylindre spécifique ;
dans lequel quand I'état de fonctionnement du-
dit moteur a combustion interne tombe dans la
plage de fonctionnement stockée dans lesdits
moyens de stockage, lesdits moyens de déter-
mination déterminent si la quantité d’air d’ad-
mission estdans latendance croissante oudans
la tendance décroissante, en faisant une déter-
mination de si ou non le rapport d’injection de
cylindre est inférieur au rapport d’injection de
cylindre spécifique.

Systeme de commande d’'un moteur a combustion
interne selon la revendication 1, comprenant en
outre :

des moyens de changement qui changent une
valeur cible d’'un parameétre de commande lié a
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7.

I'état de fonctionnement dudit moteur a combus-
tion interne, en fonction de la quantité d’air d’ad-
mission corrigée par lesdits moyens de correc-
tion.

Systeme de commande d’'un moteur a combustion
interne selon la revendication 6, dans lequel ledit
paramétre de commande est au moins I'un d’'un de-
gré d’ouverture de ladite vanne papillon, un degré
d’ouverture de ladite vanne de RGE, ladite quantité
totale de carburant, ledit rapport d’injection de cylin-
dre, le calage d’allumage, et une caractéristique
d’ouverture de soupape d’une vanne d’admission.

Systeme de commande pour un moteur a combus-
tion interne comprenant :

une premiere soupape d’injection de carburant
qui injecte du carburant dans un cylindre du mo-
teur a combustion interne ;

une seconde soupape d’injection de carburant
qui injecte du carburant dans un orifice d’admis-
sion du moteur a combustion interne ;

une vanne papillon qui est agencée dans un
passage d’admission du moteur a combustion
interne ;

un passage de RGE qui introduit un gaz de RGE
depuis un passage d’échappement du moteur
a combustion interne vers le passage d’admis-
sion en un emplacement en aval de ladite vanne
papillon ;

une vanne de RGE qui est agencée dans le pas-
sage de RGE ;

des premiers moyens d’obtention qui obtiennent
une quantité d’air d’'admission dans le moteur a
combustion interne ;

des seconds moyens d’obtention qui obtiennent
une quantité de gaz de RGE en fonction de la
quantité d’air d’admission obtenue par lesdits
premiers moyens d’obtention ;

des moyens de détermination qui déterminent,
en fonction d’un rapport d’injection de cylindre
qui est un rapport d’'une quantité de carburant
injecté depuis ladite premiere soupape d’injec-
tion de carburant a une quantité totale de car-
burant injecté depuis ladite premiére soupape
d’injection de carburant et ladite seconde sou-
pape d’injection de carburant, que la quantité
d’air d’admission soit dans une tendance crois-
sante ou dans une tendance décroissante par
rapport a un changement dans le rapport d’in-
jection de cylindre, quand ladite vanne de RGE
est ouverte ; et

des moyens de correction qui corrigent la quan-
tité d’air d’'admission obtenu par lesdits seconds
moyens d’obtention, en fonction d’un résultat de
la détermination desdits moyens de détermina-
tion.
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